Introduction
Emissions of environmentally harmful and nuisance gases from concentrated animal feeding operations (CAFOs), such as ammonia, hydrogen sulfide, odorous compounds and greenhouse gases, are a serious concern for farmers, regulatory agencies, and the public. Although accurate assessment of these gas emissions from CAFOs and other agricultural activities is very important, the accuracy depends strongly on the methods employed and the surrounding environments (Harper, 1998) . Gas emissions from a point source such as an animal house with mechanical ventilation could be easily estimated by multiplying ventilation rates and gas concentrations at the fan outlet. However, estimation of gas emission from distributed sources such as treatment lagoons, treatment wetlands, land spread of manure, and feedlots requires more complicated methods such as chamber and various micrometeorological methods. Furthermore, these more sophisticated methods do not provide higher accuracies. For example, Harper (2004) reported more than an order of magnitude difference in ammonia, methane and nitrous oxide emissions from swine lagoons using these methods (Harper, 2004) . Clearly, new reliable methods to measure emission of these gases are urgently needed.
Among various micrometeorological methods, Wilson et al. (2001) concluded that the integrated horizontal flux method (IHF) proved to be the most satisfactory, followed by the backward Lagrangian stochastic method (BLS). Laubach and Kelliher (2004) also preferred the IHF technique because it does not rely on the similarity assumptions. Although the IHF technique estimates the emission rate by simply determining the difference of the integrated mass fluxes from up-and down-wind sides, successful application of the IHF technique requires accurate concentration profile information which continuously changes with time and height. Venkatram (2004) suggested the use of dispersion model to better estimate the concentration profile for the IHF.
The new USEPA's vertical radial plume mapping (VRPM) method utilizes the smooth basis functions minimization (SBFM) technique to fit the bivariate Gaussian parameters to the measured path-integrated fugitive gas concentrations obtained from optical remote sensing systems. Examples of optical remote sensing systems that can be used are the open-path Fourier transform infrared spectrometers (OP-FTIR) (Modrak et al., 2005) , and the open-path tunable diode laser absorption spectroscopy (OP-TDLAS) (Thoma et al., 2005) . Once the gas concentrations are mapped in the vertical plane perpendicular to wind direction, the IHF method is employed to calculate the total mass rate of the gas passing the vertical plane. This method is currently listed under the USEPA Technology Transfer Network Emission Measurement Center Category C which may be considered for use in federally enforceable State and local programs once approved by an EPA Regional State Implementation Plans (SIP) process (USEPA, 2006) .
The objective of this research was to investigate the applicability and the accuracy of this new method for estimating ammonia and methane emission for potential measure of emissions from CAFOs.
Experimental Methods and Materials

OP-TDLAS System
The path integrated optical remote sensing (PI-ORS) system that we used consisted of OP-TDLAS system (GasFinder 2.0 for NH 3 and CH 4 , Boreal Laser Inc., Spruce Grove, Canada) mounted on an automatic positioning device (Model 20 Servo, Sagebrush Technology, Inc.), five retroreflectors (Boreal Laser), two cup anemometers (CS800-L Climatronics Wind Speed and Direction Sensor, Campbell Scientific, Logan, UT) mounted on a 10-m weather station mast (at two heights, 2 m and 10 m), and a laptop computer (IBM Thinkpad R60). The communication between the wind sensors and the base computer was achieved through the RF401 spread spectrum data radio/modems (Campbell Scientific, Logan, UT). The GasFinder 2.0 can measure concentrations of NH 3 and CH 4 in the tens of parts per billion over an open path up to about 500 m. Integrated VRPM software (Arcadis Inc., NC) controls the automatic positioning device to direct the laser beams to the five retroreflectors (3 on the ground and 2 on the mast) as shown in Figure 1 .
Validation Study Site
The validation study was conducted on a grass plain at the USDA-ARS Coastal Plains Soil, Water & Plant Research Center at Florence, SC (N 34 o 14.741' and W 79 o 48.605'). The study site was covered with short grass (typically less than 0.1 m). At the time of the validation study, most of soybeans and peanuts planted under two center pivot irrigation systems (270 m in diameter) had been harvested. The predominant wind direction was NE-SW, which was along the length of the grass plain (approximately 700 m in length).
Distributed Gas Emission Source
A small distributed gas emission source was made of 20 cm PVC pipe with small holes drilled to release gas from 3.1 m x 3.1 m area as shown in Figure 2 . Methane (CH 4 ) was used to validate the VRPM method because of high health hazard and strong absorption affinity of ammonia to any moisture surface such as grass. Background level CH 4 around the study site was about 1.7 ppm. Known rates (30 -52 lpm) of the CH 4 gas (Linde Gas, 93% purity) were released during the validation studies through two air flow meters (Gilmore Instruments). The masses of CH 4 gas released were measured with a floor scale (CW11-2EO model, Ohaus) periodically.
Results and Discussion
Five validation experiments were conducted with known release rates of CH 4 from the distributed emission source. For the first two runs, we did not measure the gas mass released directly from the floor scale. Instead, the emission rate was estimated using the ideal gas law and measurements of flow rates, pressures and temperatures of the gas. However, we later found that the ideal gas law did not produce reasonable estimates of actual mass released by directly comparing mass difference of the gas cylinder. Therefore, only the last three experimental results using the floor scale were used to validate the VRPM methods. Figure 3 shows a typical plume map generated by the VRPM based on path integrated concentrations (PIC) generated from the OP-TDLAS and the five retroreflectors. Three thick short vertical bars represent the three retroreflectors on the ground; the long vertical bar at 200 m represents the other two retroreflectors on the 10-m mast. This map and the emission rate of 1.07 g/s were generated from a 3-cycle moving average PICs. Because the emission source was well-defined and relatively close to the vertical plane (about 30m from the plane), a complete capture of plume was observed in Figure 3 . Accuracies of the RPM estimates of CH 4 release rates are shown in Figure 4 and Table 1. At our first run conducted on 9/22/06 (Figure 4a ), the RPM overestimated the actual CH 4 release rate by 91%. However, the two subsequent studies (10/12/06 and 10/31/06, Figures 4b and c) showed markedly improved accuracy with relative errors of 15% and 17% (Table 1) . It is not clear at this time why we have improved accuracy except for the fact that our technique has been improved.
Real time VRPM estimates of CH 4 emission were compared with actual release rates measured frequently during the last validation study as shown in Figure 5 . Except for the first two data points, it appeared that the VRPM over estimated the actual release rate for the first 60 min; however, the accuracy improved significantly for the remainder of the study.
Conclusion
This paper presents the validation results of the new EPA's VRPM method using the OP-TDLAS system. Methane was used as a target compound because of low atmospheric background concentrations and non-interference from absorption. The accuracy of the VRPM method with OP-TDLAS significantly improved throughout the trials from 91% over-estimate to less than 17% differences from actual release rates. The VRPM method with the OP-TDLAS could become a convenient technology for directly measuring gas emission rates from livestock operations with significantly improved accuracies relative to existing micrometeorological methods. 
